In this editorial, we discuss the issues in relation to technology required for the development of passive, 'nearly zero' energy buildings in China. Due to the continuous growth of the urban population and the expanding urban development; China currently has become the largest construction market in the world. 1 The rapid urbanization has promoted growth in the economic development; however, this has also led to the rapid rise in the proportion of building energy consumption in the total energy expenditure in China. 2 Since the 1980s, energy-saving work in China has made remarkable achievements under the leadership of the Ministry of Housing and Urban-Rural Development of the People's Republic of China, especially in the aspects of reducing the energy consumption of public buildings and heating energy consumption of residential buildings in severe cold regions and improving the proportion of renewable energy's application. 3, 4 The building energy-saving work in China has nearly 30 years of experience. At present, the 65% of energy efficiency target standards are being executed. 5, 6 The building energy-saving work has slowed down the rapid growth trend of Chinese building energy consumption and has improved the citizens' living environment. However, the development direction and ultimate goal of building energy conservation work has been troubling the government management department and the industry.
The studies of buildings with low energy consumption, high comfort and high performance have always been the focus of worldwide effort for building energy saving. [7] [8] [9] [10] Meanwhile, the concepts of green buildings, ecological buildings, low-energy buildings, passive house, super low energy consumption buildings, zero energy consumption buildings and positive energy buildings are emerging continuously. The concept of passive house is being widely recognized in the world due to the high performance and energy saving under the promotion of German Passive House Institute.
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The German passive house (PassivHaus) concept has been learned by other countries and the standard has been promoted and used in many developed and nearly developed countries. 12 As a multi-ethnic developing country with a long history and vast land coverage, China has unique characteristics in climate zones, indoor environments, buildings features and types, residents' living habits and culture and building energy intensity. [13] [14] [15] [16] So far, there is no mature experience to learn from the developed countries, which has increased the difficulty of developing passive nearly zero energy buildings technology system in China.
The Chinese climate is different from the single climate in Germany. 17 According to the Chinese standard, GB 50176-2012, 18 there are five climate zones, including severely cold zone, cold zone, temperature zone, hot summer and cold winter zone and hot summer and warm winter zone. There are large differences in climate characteristics amongst these five zones. The monthly mean temperature distribution of Beijing and Berlin is shown in Figure 1 . The heating and cooling degree days in main cities of China and Germany are listed in Table 1 . It is clear that there also are larger climate differences between China and Germany. Therefore, the implementation of the same energy consumption requirements/standards in different climate zones is unreasonable and unacceptable in China. In comparison to Harbin (in the northern-most of the Northeast China), Berlin is more close to the North Pole but the cooling degree days are similar to Harbin. However, the winter heating degree days of Berlin are closer to Shenyang (the capital of Manchu, Northeast China). Therefore, the climate of Germany is milder in comparison to some regions in China of the same latitude and heating season. The heating time is longer and cooling time is shorter in Harbin and Shenyang than that of Berlin. Air conditionings are used in most cities of China, while almost no air conditioning is employed in Berlin. From the perspective of heating and cooling degree days, there are wide climate 1 differences in different climate zones and the heating and air conditioning demand is unbalanced. Therefore, it is impossible to implement uniform passive nearly zero energy buildings performance criteria all over China; hence, the passive house performance criteria system of Germany cannot be implemented uniformly across China.
Indoor environments of Chinese buildings in different climate zones also differ greatly in various climate regions of China; manifested by their low indoor temperature and the lack of fresh air in various types of buildings in cold climate. European and American developed countries mainly set strict regulations regarding fresh air intake volume to meet the occupants' ventilation and air quality requirements. In order to ensure the stability of air supply volume, mechanical ventilation is a must and the air tightness of buildings should also be improved. In China, natural ventilation, such as opening of windows, is the most common way to bring in fresh air into buildings and there are no strict requirements for fresh air volume. In terms of indoor temperature, the indoor temperature in summer in China is significantly higher than that of Europe and the United States, while the winter indoor temperature is generally low. A survey study has suggested that the indoor temperature of concentrated heating buildings in cold and severely cold zones is generally above 18 C, while the indoor temperature in hot summer and cold winter zone is less than 10 C without heating in winter. 19 In this zone, the thermal comfort is poor because of high humidity (60%-90%) and low indoor temperature. In summer, natural ventilation, such as opening of windows, is the preferred choice of many residents to solve the problem of indoor overheating. The indoor temperature is usually in the range of 25 C-32 C with air conditioning system intermittently being operated. 18 If the high indoor thermal comfort in the whole living space and during all time is pursued by Chinese residents, the energy consumption in passive 'nearly zero' energy buildings will increase substantially. Therefore, the Chinese standard performance criteria system for passive 'nearly zero' energy buildings must be based on the conditions of different regions of China. New appropriate building energy efficiency standards with enhanced energy requirements is needed with due respect of the Chinese residents' living habits in the different regions, to create a suitable indoor environment for acceptable quality of life for all citizens across China. 20 Compared to buildings' characteristics of high energy consumption due to requirements for high comfort in many advanced countries, the energy consumption of Chinese buildings generally is lower than European and American countries. In addition, the energy consumption of different types of buildings is very different. Statistical data of the primary energy consumption 21 indicate that the average energy consumption per unit area of residential buildings is 35 kgce/m 2 a (primary energy consumption is about 285 kWh/m 2 a) in Britain, France, Germany and Italy. In China, the average energy consumption per unit area is only 14.5 kgce/m 2 a (primary energy consumption is about 118 kWh/m 2 a) in urban residential buildings. 21 The energy consumption of current residential buildings in China can essentially meet the standards of German PassivHaus buildings ( 120 kWh/m 2 a). There is no doubt that the intensity of building energy consumption will increase with the improvement of indoor environment standards. The requirements of the amount of primary energy consumption given by the German PassivHaus standard performance criteria are not applicable to buildings in China at this stage for this moment. Based on the national conditions of China, and with reference to the advantages of the existing European passive low energy consumption building system, we have performed a detailed analysis on the Chinese passive nearly zero energy buildings in demonstration projects, such as Chinese/German Eco-Park building in Qingdao, China academy of building research NZEB building. Considering fully the factors of economic and industrial development status, Chinese building characteristics and the living habits of Chinese residents, we have set the performance criteria standard for Chinese passive nearly zero energy buildings. Our standard system recommends the corresponding technology and methods as the core evaluation standard. The standard provides scientific and strict regulations on the energy efficiency of indoor environment, based on energy consumption indicators and so on. The passive nearly zero-energy buildings in China is defined as 'buildings with the best envelope thermal insulation performance and air tightness, making full use of natural ventilation, natural lighting, solar radiation and other technologies such as the passive method of delivering energy from indoor nonheating source, thus minimizing the demands of heating and air conditioning to accomplish the goal of harmony and comfortable indoor environment for Chinese citizens'. One of the key objectives of a passive nearly zero energy buildings in China is to create a healthy and comfortable indoor environment. Meanwhile, the control performance criteria are also vital to ensure the sound development of passive nearly zero energy buildings. The main performance criteria of Chinese passive nearly zero energy buildings are given in Table 2 .
The healthy development of passive nearly zero energy buildings needs scientific fundamental research, transition of ideas to building industry and with strong support from the national policy. On the basis of the current research results, it is relatively easy for our proposed standard to be implemented in heating demand regions for regulating the passive nearly zero energy buildings because they are easy to reflect their energysaving advantages. The related technologies of passive nearly zero energy buildings are easier to employ in residential buildings from the perspective of the economic and technologies feasibility. Therefore, the promotion of Chinese passive nearly zero energy buildings should be 'north-first and then south' and 'residentialfirst and then public buildings'. Graded certification management should be employed for the Chinese passive near-zero energy buildings rather than achieving the highest level all at once. Demonstration projects play an important role in the process promotion and certification. The standards are the first step to carry out buildings' energy conservation work. The passive near-zero energy buildings are the pioneers towards zero energy consumption building in China. The establishment of scientific standards is the prerequisite for healthy and orderly development of passive near-zero energy buildings. The basic research of the passive nearly zero energy buildings should also be broadened, including the exploration of standards and design evaluation tools, the study of technical suitability and development of highly efficient building products and equipment. These related research provide the technological accumulation and foundation for achieving the ultimate goal towards zero-energy consumption buildings and enhancing the standards of building energy efficiency in China.
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